Background. In children younger than 4 yr, it is difficult to distinguish the cause of postoperative distress, such as thirst, pain, and emergence delirium. This may lead to inappropriate treatment, such as administration of opioids. The aim of this study was to evaluate the influence of early postoperative oral fluid intake on the use of opioid analgesics and the incidence of postoperative vomiting (POV) after paediatric day case surgery. Methods. After ethics committee approval and with parental informed consent, planned day surgery patients aged 6 months to 4 yr were randomized to the liberal group (LG), in which apple juice (10 ml kg À1 ) was offered first if the Face Legs Activity
discomfort, and reduced patient or parent satisfaction. [2] [3] [4] [5] In
France, the incidence of POV in children irrespective of age or type of surgical procedure is estimated to be 30%. 6 Causes of POV are multifactorial, including postoperative pain and opioid use. [7] [8] [9] [10] [11] A study found that children who are allowed to eat and drink might have less distress without an increase in POV. 12 The aim of this randomized, placebo-controlled study was to assess the influence of liberal oral intake in the postanaesthesia care unit (PACU) on the incidence of POV and pain in children undergoing day surgery under general anaesthesia.
Methods
After ethics review board approval (CPP Est IV, Professor Philippe Wolf, approval date 14/05/2013; ANSM French Ministry of Health, approval date 02/07/2013; ClinicalTrials.gov ID: NCT02288650) and with parental informed consent, all children aged 6 months to 4 yr, ASA status I-III, undergoing day surgery under general anaesthesia at the Paediatric Surgery Unit of the Hautepierre University Hospital, Strasbourg, France were enrolled prospectively between September 2013 and June 2014. The exclusion criteria included anaesthetic or surgical constraints preventing oral intake in the immediate postoperative period, known digestive pathology predisposing to POV (e.g. hiatal hernia and gastro-oesophageal reflux), and enrolment in another study.
In the PACU, independent research personnel not associated with the study assigned patients to one of two groups based upon a randomly generated number contained in a sealed envelope, as follows: children in the liberal group (LG) were offered diluted apple juice (10 ml kg
À1
) if the Face Legs Activity Cry Consolability (FLACC) score was !4; whereas children in the control group (CG) received i.v. opioids if the FLACC score was ! 4 according to an institutional pain protocol. In this group, oral intake was allowed only upon the return to the ward. In the LG, if the FLACC remained !4 after consuming apple juice, the institutional postoperative i.v. analgesic protocol was applied. At no time were the children in the LG group forced to consume apple juice.
A standardized anaesthetic technique was used for all patients, including premedication with midazolam 0.3 mg kg Editor's key points
• During the early postoperative period, distress in small children has many causes, including thirst.
• Oral intake is not usually permitted on the postanaesthesia care unit.
• The authors investigated the influence of a liberal fluid strategy on opioid consumption and vomiting.
• Small children who, when distressed, were first offered apple juice had less opioid use and less vomiting. 13 and were asked to complete a telephone questionnaire for postoperative evaluation of POV on day 1 and day 3. The primary end point was the global incidence of POV during the first 3 days after surgery to include delayed POV. 14 15 Secondary end points included the total dose of opioid analgesics in the PACU, the length of PACU stay, the number of POV episodes in the PACU, on the ward, and on the first and third postoperative days, and postoperative adverse events (i.e. difficulty in swallowing, desaturation, i.e. peripheral O 2 saturation <94%).
PRE-INCLUSION

Data collected
Collected data included the patient characteristics, duration of preoperative fasting, evaluation of the patient baseline risk for POV (the POVOC risk score calculated before surgery), 7 8 preoperative anxiety (m-YPASS), 16 
Statistical analysis
The sample size calculations were based on the incidence of POV on our paediatric surgery ward, which was 10.7% in 2011. In order to detect a decrease of 50% in the incidence of POV in the LG, the number of subjects required to include was 404 in each group (power of 80% and a type I error rate of 5%). All the statistical analyses were performed under Bayesian paradigm. The statistical analyses included a descriptive part and an inferential part. The descriptive statistical analyses of the quantitative variables were performed using the observed values, with the frequency and proportion for every value. For every variable, location parameters (i.e. mean, median, minimum, maximum, and first and third quartiles) and dispersion parameters (i.e. variance, SD, range, and interquartile range) were calculated based on the parameter posterior distributions. Normality of the distributions of quantitative data was tested using the normality Shapiro-Wilk test and was assessed graphically using a normal quantile plot. Categorical variables are described as the frequencies and proportions of the variables. After the inclusion of 150 patients, the data collected were analysed every week to allow the study to be stopped as soon as the main objective was achieved or if secondary objectives had shown deleterious effects of the intervention. It was thus a sequential trial, which was performed under Bayesian paradigm, allowing the repetition of analyses every week without inflation of type I error rate. Predictive probability was used to know if the primary end point was reached. 19 Predictive probability is the distribution of the prediction of the unobserved outcomes conditional on the observed data and the priors. To compute the predictive probabilities, all possible pairs of outcomes for future patients were examined. It was decided to stop the study early if the predictive probability suggests that there would be sufficient evidence at the end of the trial to show the effects of early postoperative feeding on POV [i.e. the probability for POV was less in the LG: Pr(POV LG <POV CG )>0.975] was larger than 0.95 {i.e. the probability of an effect was larger than 0.95: Pr[Pr(POV LG <POV CG ) >0.975]>0.95}. It was also decided to stop the study early because of side-effects (i.e. the probability that every side effect proportion was 1.4 times more in LG >0.95). Although planned, this was not performed owing to an absence of side-effects.
For the main objective, comparisons of proportions based on posterior distributions with b distributions as priors were performed. Then, a Bayesian logistic regression was performed in order to take into account the intervention by adjusting it on covariates, which might explain the occurrence of POV. For the secondary objectives, Bayesian logistic and linear regressions were performed to compare the two groups. For the computation, low informative priors were used (i.e. a log odds ratio mean equal to 0 and its variance equal to 10). For the posterior probability distributions, 95% credibility intervals were calculated and posterior probabilities of a difference given the data, written down P or probability, were given. For instance, in Table 4 , the proportions of males are 100% and 69.64%, respectively, in Subgroups 1 and 2. The probability that the proportion of males in Subgroup 1 is larger than the proportion of males in Subgroup 2 is >99.99%. This probability must not be confused with the usual frequentist P-value. A probability >0.975 or <0.025 was considered as statistically significant. All computations were made using R software (version 3.1.0), with all the packages required and with WinBUGS software (Appendix).
Results
A total of 276 children fulfilled the inclusion criteria. Of these, 42 parents refused permission to participate, and three were excluded for incomplete data. Thus, 231 patients were included in the final analysis (Fig. 1) . The study was terminated early because the stopping criteria (see the Statistical analysis section of the Methods) were achieved after enrolling 114 children in LG and 117 children in CG. Groups were similar with respect to patient characteristics, surgical procedure, and anaesthesia data ( Table 1 ). The incidence of FLACC !4 was similar in the two groups (Fig. 2) . Likewise, the POVOC scores were similar in the two groups ( Table  2 ). The incidence of POV was 11.40 and 23.93% in the LG and the CG, respectively. An opioid analgesic was needed in 16 (14.04%) out of 114 patients in the LG and in 42 (35.89%) out of 117 patients in the CG, whereas the total dose of opioid per patient was 0.18 and 0.20 mg kg À1 in the LG and the CG, respectively. All differences were statistically significant (probability¼0.999 and 0.014, respectively). The PACU stay was significantly shorter in the LG group (53.45 vs 65.05 min, probability¼0.002; Table 2 ). We did not encounter any complications related to early oral intake. None of patients was hospitalized for POV. Among the patients with a FLACC !4, 14 out of 44 (31.8%) in the LG refused the drink and needed opioids. Thirty (68.1%) patients in the LG accepted the drink, and the
FOLLOW-UP RANDOMIZED (n=231)
CONTROL GROUP (n=117) Fig. 3 . A subanalysis was performed between Subgroup 1 (n¼30), which consisted of children in the LG with FLACC !4 who accepted the drink, and Subgroup 2 (n¼56), which consisted of children in the LG with FLACC !4 who refused the drink plus the children in the CG with FLACC !4 who received opioid analgesic per protocol. Patient data are presented in Table 3 . Subgroup 1 had a significantly greater number of males and received less intraoperative fluids (probability¼0.977), whereas Subgroup 2 had a significantly longer duration of fasting (probability¼0.991; Table 3 ). There were no differences between the subgroups for the FLACC scores in the PACU (Fig. 2) and for signs of agitation or emergence delirium after general anaesthesia ( Table 3 ). The incidence of POV was 10 and 35.71%, the total dose of opioid per patient was 0.11 and 0.19 mg kg
À1
, and the PACU time was 0.78 and 1.22 h in Subgroups 1 and 2, respectively (all differences were statistically significant; Table 4 ). The incidence and the number of POV were statistically higher in Subgroup 2 compared with Subgroup 1, but the time to the first episode of POV did not differ between subgroups (Table 5) . On average in Subgroup 1, the children consumed 4.2 ml kg À1 apple juice during 23 min.
Discussion
The aim of this study was to evaluate the role of early postoperative feeding on the use of opioids and the incidence of POV, after paediatric day case surgery. In our study, oral intake before administration of an opioid analgesic allowed for a reduction in the incidence of POV from 23.93% in CG to 11.40% in LG and reduction in postoperative opioid use by 68%. We performed a subanalysis between subgroups of children who were thought to be in pain with a FLACC ! 4. Subgroup 1 consisted of children in LG who accepted the drink (and no opioid analgesic was requested). Subgroup 2 consisted of children in the LG with a FLACC !4 who refused the drink, plus the children in the CG with a FLACC !4 and where opioid analgesic was requested. We found a similar rate of POV of 10% in children with a FLACC <4 and in the same group with a FLACC !4 who accepted the drink and did not receive postoperative opioids.
In agreement with Villeret and colleagues, we found that POV occurred mainly within the first 3 h after surgery and more rarely at home. 15 Several studies have reported that forced oral intake increases the incidence of POV. [20] [21] [22] [23] [24] However, our study suggests that although children should not be forced to consume oral liquids, they should be encouraged to drink, particularly when they are in distress. Lacroix and colleagues 25 showed that voluntary oral intake improved child comfort. Children commonly display early postoperative maladaptive behaviours after general anaesthesia, which include emergence delirium, agitation, anxiety, fear of strange persons, pain, and hunger. 26 The discrimination of these maladaptive behaviours remains difficult even with the use of observational scales. 1 Approximately 50% of children have signs of agitation or emergence delirium after general anaesthesia with sevoflurane. 27 Somaini and colleagues 1 reported that it is difficult to differentiate between emergence delirium and pain using FLACC and the Paediatric Anaesthesia Emergence Delirium (PAED) scale. 28 In addition, almost 60% of children with delirium had pain during the first 15 min after tracheal extubation. 11 Discrimination between the various causes of postoperative delirium is important because management differs according to cause. 29 It is well known that anxiety increases the perception of pain and could lead to inappropriate opioid administration and increase opioid-related adverse events, such as POV. 30 Our study has some limitations. First, we were not able to distinguish between the various causes of postoperative maladaptive behaviours. Children may refuse to drink for several reasons, including fear of strange persons (as parents are not allowed in our recovery room), dislike of apple juice, or it could also be a sign that the child was nauseated. These factors could have introduced a bias in the interpretation of our data. A second limitation is the issue of blinding. Although the allocation concealment from the study investigators was ensured by randomization, the intervention could not readily be blinded; the PACU staff, the day case nursing staff, and parents were aware of the group assignment. Third, there was a significantly longer preoperative fasting duration in Subgroup 2, which may confound the reasons for the higher incidence of POV. However, the children in this subgroup had a greater amount of intraoperative fluid, which may compensate for the longer fasting times. 31 32 The POV proportions used in the sample size computations (10.7 and 5.35%, respectively) were lower than those observed in the study (23.93% in the CG and 11.40% in the LG). The sample size was calculated based on a hospital audit performed in 2011. Although there were differences in the POV rates observed in the study and the rates used to calculate the sample size, we believe that the sample is still adequate, as the use of Bayesian analysis with predictive probabilities allowed the correction of the underestimation of the proportion of POV and so required early termination of the trial.
In conclusion, our study suggests that children <4 yr old with FLACC scores !4 could initially be offered oral fluids before opioid administration. This approach could reduce opioid administration and the incidence of POV, without increasing any adverse events. These results deserve to be confirmed in different surgical settings.
